Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is classified as the world's seventh-highest ranking cancer for morbidity and its fourth-highest for mortality. In 2018, new incidences of liver cancer exceeded 840,000 and the disease caused more than 780,000 deaths.[@CIT0001]

About 70% to 85% of HCC is a late or unresectable disease at the time of diagnosis and is not recommended for surgical resection or liver transplantation.[@CIT0002] Therefore, it is imperative to develop comprehensive treatments to improve the overall survival rate of advanced HCC. Because of their remarkable effects on other cancers, anti-angiogenic drugs have received much attention in the treatment of HCC. From the successful Phase III clinical trial of sorafenib in the treatment of HCC in 2008, the recent first-line treatment of lenvatinib and the second-line replacement therapy of regorafenib and cabozantinib have brought new hope to HCC targeted therapy.[@CIT0003]--[@CIT0007] Angiogenesis is regulated by a number of growth factors that signal through a variety of tyrosine kinase pathways and bind to specific tyrosine kinase receptors. Vascular endothelial growth factor (VEGF; in particular VEGF-A) and its receptors (VEGFRs; in particular VEGFR-2) play a major pro-angiogenic role.[@CIT0008] VEGF inhibitors inhibit vascular growth by inhibiting the binding of VEGF to VEGFR-2 and their biological activities, which achieves anti-tumor effects.[@CIT0009],[@CIT0010] Considering the overexpression of VEGFR-2 in HCC and its importance in cancer progression, targeting VEGFR-2 might be a good choice.

Apatinib is a highly selective tyrosine kinase inhibitor of VEGFR-2.[@CIT0011] A Phase II clinical study reported at the 2014 American Society of Clinical Oncology (ASCO) Annual Meeting showed that apatinib has potential survival benefits in patients with advanced liver cancer.[@CIT0012] Our previous data show that apatinib improves the prognosis of patients with advanced HCC.[@CIT0013] However, there are many adverse events, especially hypertension (HTN) and proteinuria during the treatment of apatinib, which can lead to dose reduction or termination of medication in some patients with a good response. Some studies have shown that HTN induced by VEGF inhibitors (VEGFIs) is not a side effect of treatment, but a mechanism-dependent targeted toxicity. The occurrence of HTN may indicate the effectiveness of VEGF inhibition and may serve as a predictor for the beneficial outcome of VEGFI treatment.[@CIT0014]--[@CIT0016]

Therefore, our study was designed to assess the efficacy and safety of apatinib in patients with advanced HCC, and evaluate whether apatinib-related HTN can be used as a predictor of its efficacy.

Patients and Methods {#S0002}
====================

The inclusion criteria included clinically proven unresectable or metastatic advanced HCC, ≥1 unirradiated measurable lesion as defined by Response Evaluation Criteria In Solid Tumors 1.1 (RECIST 1.1); previous HCC systemic therapy ≤1; ≥18 years old, life expectancy ≥12 weeks, Barcelona Clinical Liver Cancer (BCLC) stage B or C, Eastern Cooperative Oncology Group performance status (ECOG PS) score 0--2, Child--Pugh A or B; better organ function, including liver function (bilirubin ≤3mg/dl, AST and ALT ≤5 times the upper limit of normal value), renal function (serum creatinine ≤3.0mg/dl or creatine creatinine clearance ≤40mL/min, urine protein ≤1+, or when urine protein analysis≥2+, urine protein\<1000mg/24hours), hematology (absolute neutrophil count ≥1.0\*10\^9/L, hemoglobin ≥10g/dL, platelet ≥50\*10\^9/L), and coagulation function (International normalization ratio ≤1.5, partial thromboplastin time ≤5 seconds above ULN).

Exclusion criteria included systemic anti-cancer systemic therapy, localized area therapy or surgery within 28 days prior to entry into the study; ascites that were difficult to control; brain metastases with clinical signs or meningeal carcinogenesis; bleeding of esophageal or gastric varices within 3 months prior to the study; acute hepatitis; presence of progressive central nervous system disease; clinically significant bleeding or thrombotic events within 4 weeks prior to study registration; uncontrollable hypertension or proteinuria ≥3+; Child-Pugh class C.

All patients had an initial dose of 500mg or 250mg of oral apatinib daily. When the patient experienced grade 3/4 drug-related adverse events (AEs), the dose was adjusted from either 500mg per day to 250mg per day, or from 250mg per day to 250mg every other day, or dosage was stopped for a few days until the AEs were been alleviated. Treatment continued until the occurrence of both radiological progression, as defined by RECIST, or the occurrence of either unacceptable adverse events or death.

The article mainly evaluated the effectiveness of overall survival (OS), progression-free survival (PFS), Time to Progression (TTP) and disease control rate (DCR) in patients with apatinib treatment, and assessed the safety according to the occurrence of adverse events. Overall survival is defined as the time from the subject's entry into the trial to death for any reason. Progression-free survival refers to the length of time a subject enters the trial until the tumor has deteriorated or died. Progression time is the time interval between the subject entering the trial and the appearance of imaging progression. In this study, the PSM method was used to reduce the effect of data bias and confounding variables in order to make a more reasonable comparison between the HTN group and the non-HTN group.

Efficacy and Safety Assessment {#S0002-S2001}
------------------------------

Baseline assessment and tumor screening were performed within 21 days prior to taking apatinib. Baseline and assessments were performed every 8 weeks, including physical examination, vital signs, ECOG PS assessment, electrocardiogram, and clinical and laboratory tests (AFP, liver function, and renal function). AEs were classified and ranked according to the National Cancer Institute General Terminology Standard (NCI-CTCAE v 4.0). A computed tomography or magnetic resonance imaging scan was performed every 8 weeks and the tumor response was assessed according to RECIST 1.1.

Drug-Related Hypertension {#S0002-S2002}
-------------------------

In patients without hypertension before treatment, drug-related hypertension (based on CTCAE version 4.0) is defined as a new diagnosis for patients taking apatinib. In patients with hypertension before treatment, drug-related hypertension is defined as having one or both of the following criteria when taking apatinib: (1) dose increase of previous antihypertensive drugs or/and new antihypertensive drugs (2) systolic blood pressure ≥160mmHg or diastolic blood pressure ≥100mmHg (CTCAE version 3--4 grade or higher).[@CIT0017]

Statistical Analysis {#S0002-S2003}
--------------------

All statistical analysis of the data in this study was done with SPSS version 24.0 (IBM Corporation, Armonk, NY, USA). Univariate and multivariate analyses were used in all patients to assess independent factors affecting OS and PFS. Differences between groups were assessed using independent sample *t*-test, chi-square test, Kaplan-Meier survival analysis, and log-rank test. A value of p\<0.05 was considered to be statistically significant.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

From December 2015 to July 2018, a total of 245 advanced HCCs met the inclusion criteria and received apatinib treatment, of which 37 were excluded according to exclusion criteria ([[Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=240394.docx)]{.ul}), and a total of 208 patients were analyzed. The date of the last follow-up was April 5, 2019, with a median follow-up of 16.8 months. A total of 85 patients (40.9%) were diagnosed with drug-related HTN, whereas the rest of the patients (59.1%) did not develop HTN during apatinib treatment. The patient's baseline and disease characteristics are listed in [Table 1](#T0001){ref-type="table"}.Table 1Patients Baseline and Disease Characteristics (Totals Patients, N=208)VariablesAll PatientsPSM PatientsHTN (N=85)Non-HTN (N=123)P-valueHTN (N=71)Non-HTN (N=71)P-value**Age**0.3161.000 \<60 years46 (54.1%)76 (61.8%)40 (56.3%)40 (56.3%) ≥60 years39 (45.9%)47 (38.2%)31 (43.7%)31 (43.7%)**Sex**0.4090.802 Male76 (89.4%)104 (84.6%)63 (88.7%)61 (85.9%) Female9 (10.6%)19 (15.4%)8 (11.3%)10 (14.1%)**ECOG PS**0.8880.502 040 (47.1%)60 (48.8%)32 (45.1%)37 (52.1%) 145 (52.9%)63 (51.2%)39 (54.9%)34 (47.9%)**Child-Pugh**0.5231.000 A65 (76.5%)88 (71.5%)53 (74.6%)53 (74.6%) B20 (23.5%)35 (28.5%)18 (25.4%)18 (25.4%)**BCLC**0.7240.833 B18 (21.2%)23 (18.7%)15 (21.1%)13 (18.3%) C67 (78.8%)100 (81.3%)56 (78.9%)58 (81.7%)**AFP**0.3931.000 \<400μg/L52 (61.2%)67 (54.5%)43 (60.6%)43 (60.6%) ≥400μg/L33 (38.8%)56 (45.5%)28 (39.4%)28 (49.4%)**Initial dose**0.1711.000 250mg/d76 (89.4%)117 (95.1%)66 (93.0%)65 (91.5%) 500 mg/d9 (10.6%)6 (4.9%)5 (7.0%)6 (8.5%) Pre-HTN36 (42.4%)15 (12.2%)0.00028 (39.4%)10 (14.1%)0.001 MVI37 (43.5%)63 (51.2%)0.32335 (49.3%)33 (46.5%)0.867 EHS46 (54.1%)67 (54.5%)1.00036 (50.7%)36 (50.7%)1.000 Lung6 (7.1%)12 (9.6%)0.6196 (8.5%)5 (7.0%)1.000 Bone6 (7.1%)15 (12.2%)0.2525 (7.0%)5 (7.0%)1.000 Lymph node34 (40.0%)46 (37.4%)0.77226 (36.6%)23 (32.4%)0.724 Other11 (12.9%)14 (11.4%)0.8298 (11.3%)11 (15.5%)0.623 Hepatitis0.7701.000 None15 (17.6%)24 (19.5%)11 (15.5%)12 (16.9%) Hepatitis B65 (76.5%)95 (77.2%)57 (80.3%)56 (78.9%) Hepatitis C3 (3.5%)3 (2.4%)2 (2.8%)2 (2.8%) Hepatitis B + C2 (2.4%)1 (0.8%)1 (1.4%)1 (1.4%)**Prior Treatment** Surgery32 (37.6%)40 (32.5%)0.46227 (38.0%)23 (32.4%)0.598 TACE or TAE67 (78.8%)87 (70.7%)0.23056 (78.9%)59 (83.1%)0.669 RF10 (11.8%)15 (12.2%)1.0008 (11.3%)6 (8.5%)0.779 Radiotherapy6 (7.1%)2 (1.6%)0.0453 (4.2%)2 (2.8%)1.000 Biotherapy1 (1.2%)3 (2.4%)0.6461 (1.4%)2 (2.8%)1.000 Other targeted therapies5 (5.9%)1 (0.8%)0.0432 (2.8%)1 (1.4%)1.000[^1]

OS, PFS, and Time to Progression (TTP) {#S0003-S2002}
--------------------------------------

For all patients, the median OS was 13.4 months (95% CI: 95% confidence interval; 12.2--14.6; [[Figure S2A](http://www.dovepress.com/get_supplementary_file.php?f=240394.docx)]{.ul}), the median PFS was 5.7 months (95% CI, 5.0--6.3; [[Figure S2C](http://www.dovepress.com/get_supplementary_file.php?f=240394.docx)]{.ul}), and the TTP was 6.9 months (95% CI, 6.0--7.7; [[Figure S2E](http://www.dovepress.com/get_supplementary_file.php?f=240394.docx)]{.ul}). In order to remove the influence of confounding factors, we performed propensity score matching (PSM). The remaining 142 patients after PSM had an OS of 13.2 months (95% CI, 12.0--14.8; [[Figure S2B](http://www.dovepress.com/get_supplementary_file.php?f=240394.docx)]{.ul}), a PFS of 6.2 months (95% CI, 5.2--7.3; [[Figure S2D](http://www.dovepress.com/get_supplementary_file.php?f=240394.docx)]{.ul}), and a TTP of 7.4 months (95% CI, 6.0--8.7; [[Figure S2F](http://www.dovepress.com/get_supplementary_file.php?f=240394.docx)]{.ul}). Before PSM, the HTN group was superior to the non-HTN group, including the median OS (HTN vs non-HTN, 17.4m vs 12.5m, p=0.001; [Figure 1A](#F0001){ref-type="fig"}), median PFS (HTN vs non-HTN, 7.4m vs 4.7m, p=0.000; [Figure 1C](#F0001){ref-type="fig"}), and median TTP (HTN vs non-HTN, 8.4m vs 5.7m, p=0.001; [Figure 1E](#F0001){ref-type="fig"}). After PSM, the median OS, PFS, and TTP still suggest that HTN can predict better survival and efficacy ([Figure 1B](#F0001){ref-type="fig"}, [D](#F0001){ref-type="fig"}, [F](#F0001){ref-type="fig"}). The median OS of the two groups was 17.4m vs 12.3m (p=0.001; [Figure 1B](#F0001){ref-type="fig"}), median PFS was 7.6m vs 4.1m (p=0.003; [Figure 1D](#F0001){ref-type="fig"}), and TTP was 9.0m vs 5.5m (p=0.001; [Figure 1F](#F0001){ref-type="fig"}), respectively.Figure 1The overall survival (OS), progression-free survival (PFS), and time to progression (TTP) curves of the HTN and non-HTN groups were plotted using the Kaplan--Meier method. (**A**) Overall survival curves of HTN group (17.4m) and non-HTN group (12.5m) before the PSM (1:1) (Log-rank test, p=0.001). (**B**) Overall survival curves of HTN group (17.4m) and non-HTN group (12.3m) after the PSM (1:1) (Log-rank test, p=0.001). (**C**) Progression-free survival curves of HTN group (7.4m) and non-HTN group (4.7m) before the PSM (1:1) (log-rank test, p=0.000). (**D**) Progression-free survival curves of HTN group (7.6m) and non-HTN group (4.1m) after the PSM (1:1) (Log-rank test, p=0.003). (**E**) Time to progression curves of HTN group (8.4m) and non-HTN group (5.7m) before the PSM (1:1) (log-rank test, p=0.000). (**F**) Time to progression curves of HTN group (9.0m) and non-HTN group (5.5m) after the PSM (1:1) (Log-rank test, p=0.003).

Objective Response Rate (ORR) and DCR {#S0003-S2003}
-------------------------------------

For all patients, 2 achieved complete response (CR) (1.0%), 38 achieved partial response (PR) (18.2%), and 146 achieved stable disease (SD) (70.2%), with a total ORR of 19.2% and a DCR of 89.4%. Before PSM, 21 patients had a partial response (24.7%) and 1 patient had a complete response (1.2%) in the HTN group; In the non-HTN group, 17 patients had a partial response (14.6%) and 1 patient had a complete response (0.8%). The ORR and DCR of the two groups were 25.6% vs 14.6% (p=0.050) and 92.9% vs 87.0% (p=0.251), respectively. There were no significant differences between the two groups. After PSM (1:1), the data showed no significant difference in ORR (HTN vs non-HTN, 26.8% vs 21.1% p=0.556) and DCR (HTN vs non-HTN, 93.0% vs 87.3%, p=0.399) between the two groups ([Table 2](#T0002){ref-type="table"}). Therefore, although the OS, PFS, and TTP of the HTN group are superior to those of the non-HTN group, the ORR and DCR have not been improved ([Table 2](#T0002){ref-type="table"}). We analyzed that apatinib was effective in both the HTN and non-HTN groups, but the non-HTN group may be more susceptible to drug resistance leading to a reduction in survival time and disease control time.Table 2Short-Term Effects of Patients (Totals Patients, N=208)EndpointTotals (N=208)All PatientsPSM PatientsHTN (N=85)Non-HTN (N=123)P-valueHTN (N=71)Non-HTN (N=71)P-valueCR2 (1.0%)1 (1.2%)1 (0.8%)1.0001 (1.3%)01.000PR38 (18.2%)21 (24.7%)17 (13.8%)0.06718 (25.4%)15 (21.1%)0.691SD146 (70.2%)57 (67.1%)89 (72.4%)0.44347 (66.2%)47 (66.2%)1.000ORR (%)40 (19.2%)22 (25.6%)18 (14.6%)0.05019 (26.8%)15 (21.1%)0.556DCR (%)186 (89.4%)79 (92.9%)107 (87.0%)0.25166 (93.0%)62 (87.3%)0.399[^2]

Univariate and Multivariate Analyses {#S0003-S2004}
------------------------------------

Univariate and multivariate analyses of factors affecting OS and PFS in all patients are summarized in [Table 3](#T0003){ref-type="table"}. Univariate Log-rank test analysis of this cohort analysis showed that serum AFP levels, BCLC stage, macrovascular invasion, radiofrequency ablation (RF) therapy, and drug-related HTN were associated with OS. Serum AFP levels, macrovascular invasion, lung metastasis, and other site metastases were associated with PFS (p≤0.05). Multivariate Cox regression analysis showed the following independent factors: for OS, Child-Pugh Score (HR: hazard ratio; 0.496; 95% CI 0.334--0.739, p= 0.001), RF treatment (HR 0.400; 95% CI 0.182--0.881, p= 0.023) and drug-related HTN (HR 0.520; 95% CI 0.349--0.775, p=0.001) were independent factors; for PFS, only drug-related HTN (HR 0.563; 95% CI 0.413--0.768, p=0.001) were independent predictors.Table 3Univariate and Multivariate Analyses of Variables Affecting OS and PFS in Patients (Totals Patients, N=208)VariableOSPFSUnivariateMultivariateUnivariateMultivariateHR (95% CI)P valueHR (95% CI)P valueHR (95% CI)P valueHR (95% CI)P valueHTN0.281 (0.156--0.503)0.0000.520 (0.349--0.775)0.0010.340 (0.143--0.812)0.0150.563 (0.413--0.768)0.001Pre-HTN1.825 (0.964--3.454)0.0651.532 (0.618--3.796)0.357Sex (male vs female)0.560 (0.234--1.339)0.1921.035 (0.629--1.702)0.8920.000 (0.000-)0.998Age (\<60 years vs ≥60)1.471 (0.838--2.583)0.1791.262 (0.852--1.870)0.2461.131 (0.487--2.628)0.774Initial dose0.9940.871250mg/d1.004 (0.344--2.935)1.137 (0.241--5.363)500 mg/d0.996 (0.341--2.910)0.879 (0.186--4.148)ECOG PS0.7560.66400.916 (0.525--1.596)1.205 (0.520--2.795)11.092 (0.627--1.903)0.830 (0.358--1.925)AFP0.0320.6200.0190.089AFP\>400μg/L1.872 (1.054--3.325)1.102 (0.751--1.615)3.394 (1.221--9.433)1.301 (0.961--1.760)AFP≤400μg/L0.534 (0.301--0.949)0.908 (0.619--1.331)0.295 (0.106--0.819)0.769 (0.568--1.041)Child-Pugh0.0000.0010.4390.169A0.177 (0.078--0.399)0.496 (0.334--0.739)0.665 (0.237--1.867)0.785 (0.556--1.108)B5.649 (2.503--12.748)2.014 (1.353--2.998)1.504 (0.536--4.223)1.274 (0.902--1.797)BCLC0.1970.1820.0090.322B0.636 (0.320--1.265)0.602 (0.286--1.269)0.306 (0.126--0.744)0.737 (0.403--1.349)C1.572 (0.790--3.127)1.661 (0.788--3.500)3.269 (1.344--7.948)1.357 (0.742--2.483)Hepatitis (-) None0.944 (0.465--1.918)0.8741.835 (0.708--4.758)0.212 Hepatitis B1.130 (0.579--2.209)0.721.857 (0.744--4.634)0.185 Hepatitis C0.832 (0.214--3.159)0.7761.097 (0.1319.160)0.932 MVI1.909 (1.081--3.345)0.0261.037 (0.624--1.725)0.8882.657 (1.059--6.669)0.0371.078 (0.718--1.619)0.716 EHS1.007 (0.577--1.759)0.9791.312 (0.809--2.127)0.2701.603 (0.691--3.719)0.2720.961 (0.639--1.445)0.848 Bone0.873 (0.351--2.175)0.7712.945 (0.378--2.957)0.303 Lung1.811 (0.620--5.285)0.2771.803 (1.106--2.940)0.018 Lymph node0.839 (0.475--1.482)0.5450.929 (0.396--2.182)0.866 Other2.971 (1.068--8.264)0.0371.961 (1.281--3.002)0.002Prior Treatment Surgery0.483 (0.270--0.866)0.0150.756 (0.500--1.144)0.1851.416 (0.562--3.569)0.46 RF0.265 (0.109--0.648)0.0040.400 (0.182--0.881)0.0230.367 (0.131--1.031)0.0570.768 (0.457--1.290)0.318 TACE or TAE1.048 (0.557--1.971)0.8840.888 (0.335--2.355)0.812 Biotherapy0.659 (0.091--4.769)0.6791.649 (0.610--4.462)0.324 Radiotherapy1.111 (0.258--4.780)0.8870.955 (0.113--8.099)0.966 Other targeted therapies0.321 (0.057--1.795)0.1960.429 (0.090--2.045)0.2880.257 (0.045--1.482)0.1290.785 (0.261--2.366)0.668[^3]

Subgroup Analysis {#S0003-S2005}
-----------------

Based on the above multivariate and univariate analyses data, we divided patients into HTN and non-HTN groups and analyzed the effects of serum AFP levels, Child-Pugh Score, macrovascular invasion, and extrahepatic metastases for OS and PFS in the two groups. The results are summarized in [Figure 2](#F0002){ref-type="fig"}. In the AFP ≤400μg/L subgroup, the median OS (HTN vs non-HTN, 24.4m vs 13.3m, p=0.006) and PFS (HTN vs non-HTN, 7.8m vs 4.7m, p=0.021) were significantly better in the HTN group than in the non-HTN group; in the AFP\>400μg/L subgroup, the presence of drug-related HTN increased PFS (HTN vs ﻿non-HTN, 6.3m vs 4.7m, p=0.007) but not OS (HTN vs ﻿non-HTN, 15.3m vs 12.5m, p=0.081) ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}). In the Child-Pugh A subgroup, HTN can be used as a predictor of PFS (HTN vs non-HTN, 7.6m and 5.3m, p=0.012) growth, but has no significant effect on OS (HTN vs non-HTN, 12.4m and 13.5m, p=0.565). Similarly, in the Child-Pugh B subgroup, HTN can only predict PFS prolongation (PFS, HTN vs non-HTN, 7.0m vs 4.3m, p=0.010; OS, HTN vs non-HTN, 9.2m vs 9.5m, p=0.324) ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). In the subgroup analysis of macrovascular invasion, the median OS (HTN vs non-HTN, 15.3m vs 11.0m, p=0.021) and PFS (HTN vs non-HTN, 7.3m vs 4.3m, p=0.001) were better in the HTN group than in the non-HTN group; in the subgroup of non-macrovascular invasion, although HTN predicted OS (HTN vs non-HTN, 28.1m vs 14.0m, p=0.024) elevation, PFS (HTN vs non-HTN, 7.5m vs 5.5m, p=0.072) could not be expected ([Figure 2E](#F0002){ref-type="fig"} and [F](#F0002){ref-type="fig"}). In the subgroup analysis of extrahepatic metastases, HTN was a predictor of better OS (HTN vs non-HTN, 24.4m vs 12.5m, p=0.005) and PFS (HTN vs non-HTN, 7.3m vs 4.5m, p=0.000); in subgroups without extrahepatic metastases, HTN predicts a good PFS (HTN vs non-HTN, 7.4m vs 5.3m, p=0.035) but does not mean an increase in OS (HTN vs non-HTN, 15.3m vs 12.5m, p=0.078) ([Figure 2G](#F0002){ref-type="fig"} and [H](#F0002){ref-type="fig"}). In each of the above subgroups, only non-microvascular infiltration was not a predictor of PFS improvement in the HTN group.Figure 2Subgroup analysis of OS and PFS. (**A**) Subgroup with AFP \>400μg/L, whether HTN can be a predictor of OS; (**B**) subgroup with AFP \>400μg/L, whether HTN can be a predictor of PFS; (**A, B**) In patients with AFP ≤400μg, drug-related HTN can be used as a predictor of OS (p=0.006) and PFS (p=0.021). In patients with AFP \>400μg, drug-related HTN cannot be used as a predictor of OS (p=0.081), but can be used as a predictor of PFS (p=0.007). (**C**) Subgroup with Child-Pugh Score, whether HTN can be a predictor of OS; (**D**) subgroup with Child-Pugh Score, whether HTN can be a predictor of PFS; (**C**, **D**) in patients with Child-Pugh A, drug-related HTN can be used as a predictor of OS (p=0.003) and PFS (p=0.012). In patients with Child-Pugh B, drug-related HTN cannot be used as a predictor of OS (p=0.267), but can be used as a predictor of PFS (p=0.010). (**E**) Subgroup with macrovascular invasion, whether HTN can be a predictor of OS; (**F**) subgroup with macrovascular invasion, whether HTN can be a predictor of PFS; (**E**, **F**) in patients without macrovascular invasion, drug-related HTN can be used as a predictor of OS (p=0.024), but not as a predictor of PFS (p=0.072). In patients with macrovascular invasion, drug-related HTN can be used as a predictor of OS (p=0.021) and PFS (p=0.001). (**G**) Subgroup with extrahepatic spread, whether HTN can be a predictor of OS; (**H**) subgroup with extrahepatic spread, whether HTN can be a predictor of PFS. (**G**, **H**) In patients without extrahepatic metastases, drug-related HTN cannot be used as a predictor of OS (p=0.078), but can be used as a predictor of PFS (p=0.035). In patients with extrahepatic spread, drug-related HTN can be used as a predictor of OS (p=0.005) and PFS (p=0.000).

We divided all patients into PFS ≤6.0m and PFS \>6.0m for OS comparison ([Figure 3](#F0003){ref-type="fig"}). The results showed that OS (PFS ≤6.0m vs PFS \>6.0m, 8.6m vs 20.3m, p=0.000) significantly prolonged when PFS \>6.0m. Moreover, patients with drug-related HTN were more likely to achieve PFS \>6.0m, and another group had more early progression (PFS ≤6.0m, HTN vs non-HTN, 35.0% vs 68.9%, p=0.000; PFS \>6.0m, HTN vs non-HTN, 65.0% vs 34.1%, p=0.000). Surprisingly, HTN did not cause significant differences when comparing the survival effects of HTN in patients with PFS ≤6.0m and PFS \>6.0m, respectively (PFS ≤6.0m, HTN vs non-HTN, 7.5m vs 8.6m, p=0.469; PFS \>6.0m, HTN vs non-HTN, 28.1m vs 18.3m, p=0.196). In summary, patients with drug-related HTN may develop drug resistance later, thus prolonging survival.Figure 3The Kaplan-Meier plot shows the overall survival rate for a combination of radiological outcomes based on changes in blood pressure after administration and 6 months later by modified Response Evaluation Criteria in Solid Tumors. The overall survival of patients with PFS \>6 months was significantly better than patients with PFS ≤6 months, with or without drug-related HTN. However, the drug-related HTN cannot be used as a predictor of OS in these two groups of patients.

Safety {#S0003-S2006}
------

The adverse events of apatinib treatment are listed in [Table 4](#T0004){ref-type="table"}. In this study, 90.9% of patients had any grade of AEs, and most of the adverse events were mild to moderate. Grade 3 or 4 adverse events occurred in 38.0% of patients. The most common AEs were HTN (40.9%), hand-foot syndrome (39.4%), fatigue (38.0%), abnormal liver function (31.7%), blood toxicity (27.4%), anorexia (26.9%), proteinuria (24.0%) and diarrhea (22.6%). Thrombocytopenia is the most common hematological toxicity. Level 3 or 4 AEs mainly included proteinuria (12.0%), hematologic toxicity (10.6%), and liver dysfunction (6.7%). Hepatic dysfunction was assessed by using ALT, AST, and other indicators. No grade 5 toxicity occurred in all patients. All AEs can be controlled by dose reduction or withdrawal.Table 4Adverse Events Profile Based on Apatinib Treatment (Totals Patients, N=208)Adverse EventsAny Grade, No. (%)Grade 3 or 4, No. (%)All adverse events189 (90.9%)79 (38.0%)Hypertension85 (40.9%)1 (0.5%)Hand and foot syndrome82 (39.4%)10 (4.8%)Weak79 (38.0%)7 (3.4%)Abnormal liver function66 (31.7%)14 (6.7%)Hematological toxicity57 (27.4%)22 (10.6%)Anorexia56 (26.9%)12 (5.8%)Proteinuria50 (24.0%)25 (12.0%)Diarrhea47 (22.6%)2 (1.0%)Vomiting32 (15.4%)6 (2.9%)Hoarse voice30 (14.4%)2 (1.0%)Dry mouth27 (13.0%)0Ascites20 (9.6%)7 (3.4%)Stomach ache11 (5.3%)0

Discussion {#S0004}
==========

In the present study, we retrospectively confirmed the efficacy and safety of apatinib as a first-line treatment on 208 advanced HCC patients and explored drug-related HTN as a predictor of efficacy. The study showed that the efficacy of apatinib in the treatment of advanced unresectable or metastatic HCC was 13.4 months for OS, 5.7 months for PFS. The rates of CR, PR, SD and DCR were 1.0%, 18.2%, 70.2% and 89.4%, respectively.

Based on previous studies and literature reports, patients with drug-related HTN had better efficacy.[@CIT0018],[@CIT0019] This study confirmed this hypothesis. In the current study, patients with drug-related HTN had a significantly longer median overall survival than those without HTN. Correspondingly, a longer PFS was also observed in the drug-related HTN group. Moreover, the study of Hamnvik OP confirms that the blood pressure increased equally in those with and without pre-existing hypertension.[@CIT0017] Therefore, patients with higher baseline blood pressure are more likely to develop drug-related hypertension during treatment.

In addition, we also observed that patients treated with apatinib had longer TTP than PFS (TTP vs PFS: 6.9m vs 5.7m before PSM; 7.4m vs 6.2m after PSM). This is reported to be related to the differing clinical significance of TTP and PFS. In general, PFS analysis included tumor progression time and early death time due to liver failure or other non-tumor causes, but TTP only analyzed the former. In other words, TTP eliminates the death of patients with early treatment failure, resulting in better results.

Our multivariate analysis showed that Child-Pugh score, RF therapy, and drug-related HTN were independent factors for the median overall survival, while serum AFP level and hypertension were independent predictors of median PFS in patients with apatinib treatment. In the subgroup analysis of patients with drug-related HTN, AFP ≤400μg/L and extrahepatic metastases were predictors of good OS. Moreover, regardless of whether the patient has microvascular invasion, drug-related HTN can be used as a predictor of OS prolongation.

All patients were divided into PFS \>6 months and PFS ≤6 months. In both groups, drug-related HTN did not predict better OS. However, drug-related HTN is more likely to cause PFS \>6 months. This suggests that HTN may increase survival time by prolonging the time of drug resistance, but does not continue to affect drug efficacy after disease progression. The most common adverse events for the treatment of advanced HCC with apatinib are consistent with previous studies. HTN, hand-foot syndrome, and fatigue are the most common adverse events. Proteinuria, abnormal liver function, and hematologic toxicity (including thrombocytopenia, leukopenia, etc.) are the most common grade 3--4 adverse events. All adverse events can be alleviated or controlled by symptomatic treatment or dose reduction and withdrawals. Our study has shown that drug-related HTN can be used as a predictor of the efficacy of apatinib. At present, many studies have confirmed that HTN is a predictive marker for the efficacy of anti-angiogenic therapy.[@CIT0020],[@CIT0021] Moreover, some articles have shown that the use of appropriate anti-HTN drugs has no effect on the clinical outcome of patients.[@CIT0022]--[@CIT0024] This means that severe HTN should be controlled by taking aggressive medication before reducing the dose or suspending the treatment.

Our research has limitations. First, this study is a retrospective study. It is impossible to weaken the influence of confounding variables between the HTN group and the non-HTN based on the law of large number, and it is easy to produce systematic bias. PSM is used to solve this problem and eliminate interference factors between groups. Secondly, the study is a single-arm, single-center study. Patients are confined to the same region and ethnic groups, and the sample size is limited. The results cannot fully represent the overall population.

Conclusion {#S0005}
==========

This study further confirms the efficacy and safety of apatinib in the treatment of advanced HCC. The occurrence of apatinib-related hypertension is a potential predictor of a significant prolongation of survival in patients with advanced HCC.
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[^1]: **Abbreviations:** PSM, propensity score-matched; HTN, hypertension; ECOG PS, Eastern Cooperative Oncology Group performance status score; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; Pre-HTN, ﻿previous hypertension; MVI, ﻿macrovascular invasion; EHS, extrahepatic spread; TACE, transcatheter arterial chemoembolization; TAE, transcatheter arterial embolization; RF, radiofrequency ablation.

[^2]: **Abbreviations:** PSM, propensity score-matched; HTN, hypertension; CR, complete response; PR, partial response; SD, stable disease; ORR, objective response rate; DCR, disease control rate.

[^3]: **Abbreviations:** OS, overall survival; PFS, progression-free survival; PSM, propensity score-matched; HTN, hypertension; Pre-HTN, ﻿previous hypertension; HR, hazard ratio; 95% CI, 95% confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status score; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; MVI, ﻿macrovascular invasion; EHS, extrahepatic spread; TACE, transcatheter arterial chemoembolization; TAE, transcatheter arterial embolization; RF, radiofrequency ablation.
